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CHAPTER 3
Exponential and Logarithmic Functions

Section 3.1  Exponential Functions and Their Graphs

8 You should know that a function of the form v = af, where ¢ > (O, g ¥ L, is called an exponential function
with base a.

B You should be able 10 graph exponential functions,

You should be familiar with the number ¢ and the ratural exponential function flx) = %

¥ You should know formulas for compound interest.

. ) r'\,m
{a} For n compoundings per year: A = P( f ook .

i
)
(b} For continuous compoundings: A = P
Vocabulary Check
1. algebraic 2. wranscendental L nawral exponential, natural
Fym
4 A= 14+ —j & A = Pe
#
1. {3495 = 4112.033 2. 121 = L 063 3,057 s GG
4. 86731 = g 63VE = 9220217
5 gle) = &
oy -2 - ab 2 R A B I SR O
aENERIEEE y 8 18 11818
Asvmptote: v = 0 Asymptote: v =
Intercept: {0, 1) ntercept: {0, 1}
Increasing Increasing
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Asymplote: v o
Entercept: (0,1

Drecreasing

x LTI B A
v AR REE

Asympiote:

Intercept: {(

kncreasing

m

o
e

By

25

A

’

3

Asvinptote: vy = — 3

\ P Intercepts:
_ _ . {3, ~ 25 (~0683.0)

Decreasing

13, flx) = 277 rises to the right,
Asvimpiote y = 4
Intercept: 10,5}

Muatches graph (4},

Agymptote: v =
fatercept: (0, 1)

Decreasing

Asymptote: v = §

Inwercent: (0, 7

Tocreasing

¥l I A O
Asymptoter v w2

Intercept: (0. 3)

Drecrvasing

14, fled = 277 s positve and decreasing.

Marches graph {(a).
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Section 3.7 Exponential Functions and Their Graphs

i98

i5 fxp = 2% — 4 rises to the right.
Asymptote: vy = —4
Intercept: {0, 3}

Matches gragh (¢}

07, fls) = 3
gley = 379 = flx — 5)

Horizontal shulfl five vnits o the right

Horizontal shift four anits o the left, followed by

reflection iy 13

Horizonral shift two units to the right followed by

vertical shift three units downward

16, flx} = 2 + 1 is increasing and has (0, 2} inte

Matche

graph (b}

E@“ Jf{_‘{} =) 2{

N A — &g &
ghap = & - 05 = b fli

Yertical shift five units upward

M = O

gle) = ~03 + 5 = ~flx) + 3

Reflection in c-axis followed by vertical shift
five units upward

Reflection in the yaxs foflowed by left shifry
four units

reept.

it
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26, — 5507 = 7611w 100 =0

27. fl) = (EF 8. flo = {3

o l=2 ] =1le] |2 v -2 -0l

B

Flep 016104 11 251625 Sxri 625 25 111 064 016

Asyraptote: ¥ =

29, “;Xj = k] f{%}" = 9% .

x l=z2i-1i0l1]2 £ b 23
36 Fle2stos

B2
o

s
el
B,
e
g
o
LR
Py
o
e}
o
oy

Ty o114 s

k1

31 flx) = BE 3o =4 3

.
Ll
N
-
o
L
o
™
D
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“i
b2
LA
o

oo | 3016 | 3063

[ S O B T T W JERE D S R N A S S

Asymptote; v = { Asvmpiote: v = 3
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Section 3.1 Exponential Functions and Their Graphs
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vopboe O3 PO 008

pS et ada] Db % % 4§

Asvmptoter y = §

14

-
e
T
Lt
o
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bt
™
o

ey 173910 2720 11037 014

Asympiote: y = 0

o
]

v T 033

0.33

&,
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IR S WO,

Asympicde: v o= O

62

P TR

3

248

2.011

1.65

135

e R N U

Asymptoter vy =
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Exponential and Logarithmic Functions

39, flx) = 3e7t*

X —& -5 | —41 -3 -2

Flop b 048] 1180 3 5| 2247

Agymptote: v = {3

4%, flx) =2 + 53

X 3 4 516 7
Fled | 214 0 237 1 3 472 839

2.54

~
~d
[ =3
[
b
Q\

foend oo |
A T T N T N S

Asymprote: y = (

40, f(x) = 20705

x|l -2 ) -1

0

2

Flg | 544 330

121 ] 074

SSadekelop fo1o2 14

] 1 2

glrt | =539 1 —072

Py 163

138

b

37 0114

Agympioter y = |
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Section 3.7 Exponertial Functions and Thelr CGraphs

199

v | =30 -0 —w ol e 30
- Fa)| ~0 | =0 | 005 4] 795 =& | =3

# prama 4 Horizonal asyinptotes: v = 0,y = &

X - 150 =2 ~10 =02 ~01

S Flop | 393 135 030 06 | 005

bt
F &
PR GOt o2 1 |5
Fixd | undef | & T4 R 47

Hortzontal asymploter y = 4

Vertical asymptote: x =

; e =20 -1 |0 |3 14 .46
: !
s ; o | —3.03 | =34 L 230 | —2617
i

(e
S
[

SR j v 247 |4
Flxp 1 3516 | 266 1 &4 ] 101 L O

Ay
o,
)

-
o,
o)

Horizontal asymptotes: v == — 3y w=

Wertical asvinploter x s 347

48. {a) i A5, we

[

G/ 15 1] - =0 001 Intersection: (86.350, 1500)

o 59 |50 si32 03

5.289 1 4 i

Flx) | undef. | 2745 | 77| 63| 6.

JJS,S?E}_’E_;}E(E{QQ ¥ o é
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RUs . X1 i) = xlems
S A @
7
y |
i :S.““_“':"-—;.::m::t:‘:‘:::"m.:. B3
f, 1
Inpersection: (482 831, 12.500) R

82
(a3
B3P =

Compounded 1 times per yearr A = PLE + T} = 25004 1+

o flxy = Dxtes

TR

2500, r ==

25% = 0025, 1= 10

by Decreasing: (—oc, 0}, (2, o)
Increasing: (0, 2)
(o) Relative maximmum: {2, 47 %) = {2, 0.541)
Relative minipum: 0, O
{b} Imcreasing on (—oo, —2) and {0, oo}
Decreasing on {2, 4
{¢y Relatve maximum: (—72,2.94%)

Relative minmmurn: (0. 0}

[ S

£\ _ 2500l ..0.825‘}“}"

H

Compounded continuousty: 4 = Pe™l = 25000 025K

no| b Z 4 12 | 365 Continuous |
A RIGO2L | AZ0R409 | 320757 | 326923 | 321004 | 321006

84, P = 100y = 6% = 006, 0 = 10

il 2 4 12 355 Comtinuous
AL 179085 | 1BO6.1T | 181400 | IBIV.40 | 1822.03 | 182212
B8, 0P == 2800, r o= 4% = (04,7 = 20

Compounded n times per vear 4 = P{ b+ =)

: af / b (34 20m
[+ 2 = 2500(y + 22
i aJ 5 L

Compounded continuously; A = FPe™ = F500e 00420

Aol 2 4 12 365 Cominuous

AL SATTRY LOS520010 ] 554179 ] 5535644 | S363.61 | 556185
L6, F o= 10000 r = 3% = 003, 1 = 40

nobl 7 4 12 365 Continuous

AF 326204 | 320066 1 330528 1 331515 1 331905 | 3326012
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Section 3.4

Exponential Funcrions and Their Grophs
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57,

58,

14
=

ik

61.

G5,

H
i

G

20 34

43

50

P2489.73

17.901 50

16,7064 1 3084140

5943639

85.668.67

12,000, r = 6% = 0.06, compounded continuously: A = Pe™ = 1200020057

L 10 20 30 40 560
4| 1274204 1 2186543 | 39.841.40 | 7559577 | 13227812 | 241.026.44
Po= 1200005 = 3.5% = 0.035

Pell =

= 12000,

12,0000

!

11/

24 3

40

50

A

e

1242744

F7O2E8T

2416503 | 3429181

48,662 40

6905523

1

£

26

30

460

50

A1 1230378

1540831

19,784,668

25 404 08

3261938

4588412

[0+ 012/12)% - 1]

~

25

g

= 15

= 153657

12/12

REN T:W?,?
Y

i

P 0067125 - 1

] L
zé_;%}!
E

0.06/12

4
P

IR

2000

}

) Iy = 300, p o= 3472117,

foy For x = 600,

p == 535001

3

= 104

-E;E

0.04/12
$7547.4%

o O0%/12P -

P 0.09/12)% — 1]

;

5

!

G.03/12
$1852.71

x| 16

200

300 406

500

608

764

54953

717.64

G325 | 504

54

472182

35413

28035
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Exponential and Logarithmic Functions

66. (a) y, = 500(1 + 0.07)*
N4y
¥ = 50{}( = 9@21)

¥y = 5006007

(b3 vy has the highest return,

After 20 years,

Yo o vy = 2760 — 200320 = §24.40
vy =y, = 202760 — 1034.84 = $92.76

(b} When ¢ = 2000,
. 3(}{%}2§m,/s7sﬁ

== 785 grams.

0
{c)

Mass of O Lin gragns)

Time (in years)

&7, O = 25(%}:515%

{2} When ¢ = 0,

O = 25{%)0“5993 25(1) = 25 grams.
by When r= G,

O = 25{11O o 1691 orams.
e} =

[+ 000

{dy Never. The graph has & horizontal
asymptote ¢ = (.

£9, Pl5) = 10052197

(a) ==

|

by PUGY = 100

PO = 00
(o3 PIEY = 10002910 = 100
PI5Y = 10002915 = 700 066 =~ 300

FOIO) = 100529700 w0 309 798 = 900

2016 |

ZOVE | 2018 P 2019 2020 ) 202y 2 2022

4.5

409 0 413 T41L7 (42,0 1425 | 430

Hy24

2025 | 2026 2027 2028 | 2029 ¢ 2030

0. () w (b
0. @ : - 00 vear | 2015
e P 401
15 ST S ST ; Y‘&f:ﬁ’ 2{}23

53 -
polaia

438

447 447 | 451 1455 | 460 464 |

Lh
Lh

fC} P %&7{}{:}59{)5K)97’ m A
e(}.il‘rf}’v‘}?? a1 447
60097 = In(l.441)
== 38, or 2038

{Answers will vary)
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Section 3.7 Exponential Functions and Their Graphs 203

71

3.

T4,

1.

7.

&1.

= PULOSY 73, (a) Rﬂfﬁ____,_w_
{a}y = ﬁz\
5,
/ o W 2
,.,-»-“""" i
P £
ORI 2 3 4 5
(b C(10) = 3545 V17678 1 13483 | F0L117 1 TS84 | 568K
(¢} COOY = 23.95(1 04)'0 = 35.45
fle 17 g 9 0
V4266 | 3200 | 2400 | 1800 | 1350

(e} Accerding to the model, Vit~ as r increases.
However, V 7 {1

Troe. flxl = 15 is not an exponential function. 74, False. e is ap frrational numsber,

. The graph decreases for all x and has positve yintercept. Matches (4}

¥ypo= et (a) v, = ¢ increases at the fastest rate.

Yy = xt (k) For any positive integer n, £° » &° for x sufficiently
J3 - large. That is, e* grows faster than 1"
3;3 = &
s - {3 A gquantity is growing exponentially if is growth
Yy T - . - - o e+
sa rate is of the form v = o™ This 18 a faster rate than
vy = |l any polynomial growth rate.
L o é]}.S\" . iy ‘ . . L
flxp =11+~ ) amd pla] = ¥ = [ .6487 T8 vo= 3 (cyand vy = 477 {d) are exponential
o - functions because the exponents are variable,
(Horizontal line)
8 As x - o0, Fla) - glx)
B €
-3 3
-1

o w2314, 7 = I746 &0, 20 = 1024, 1F = 100

" . 10 2
g ot PAR- A I

3 ES ’ / i i

-3 % i g
570> 3 412 - {%}
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83, [ has an inverse because [ is one-lo-one. 84, 7 is one-lo-one, 50 i Das an mverse.
g o 7 flxy =
=5y~

8%, 1 has an nverse becatse f i one-fo-one, 86, /s not one-to-0ne, S0 18 does pot have an inverse.

5

Yertical asympiote: x = 7 8 ; \
Horizontal asymptoter y = 2 IE :

Imtercept: 160, G}

88, flx) =

Vertical asvmplote: x =

Intercept: (1, 3]

88, Answers will vary.
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Section' 3.2 Logarithmic Functions and Their Graphs
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Section 3.2  Legarithmic Functions and Their Graphs

”a

You should know that a function of the form y = Jog, x, where a > G0 # |, and x > 0, 15 called a
logarithen of x to base a. :

You should be able to convert from logarithuue form to exponential form and vice versa,
y=log x &> g’ =x

You should know the following properties of logarithms,

{2y log, I = Osincea” = L. {c} log, a* = xsince o* = g

(hy log,a = tsinceda' = a (dy Hiog, xr = log, y,thenx = y.

You should know the definition of the natural loganthmic function,
fog,x =Inx x>0

You should know the properties of the natural fogarithmic function.

{ay In1 = Osipce e’ = |, (¢} Ine® = xsimce e = &%

(b Ine = |since el = e )y Hine = Iny, thenx = v

You should be able to graph logarithimic functions.

Yocabulary Check

1. logarithmic function PN LY 3. natural logarthmic
4. P08 =y £ oy o= ¥
1. fog, 64 = 3 = 43 = 64 2. log, 81 =4 = 3 = 4§ 3dog, s = -2 ww T g
4. log,, ‘55%5 = -3 o (O = 'g“_gj%é 5. logy, 4 ”"_”2 =5 32%% = 4 &, log,, 8 “"~4 = 8% =4
ol =0 = ¥ = | B ind = 13867 | = § Ine = lose =
Pl =g
3o S | o I § 77 i ] L i
W ne? =3 =e’ = ¢ Holn Ve = J=o e/t =/¢ 2. w 2= et =
F [ g2=
13. 5 = 125 =» log; 125 =3 4. 3° = 64 = log, 64 = 2 15 814 = 3 = logy, 3 = §
16, 937 = 27 = log,27 = & 17. 677 = & == log & = ~2
18, 1077 = 0001 = jog, 0001 = —3 19, ¢ = 200855 . . = ImnZ20.0855... =3
26, et = 545981 . = In 545981, . =4 21, ¢ = 36697 = In 30697 = 13
7260 = 121824 . =s In 121824 = 23 23. e = 13956 . = Inf1.3956 ..} =
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Exponential and Logarithmic Functions

8. log,, 345 ~ 1538

32 1.9 log,,l4.3) = 1.204

2 kffvgﬁ yomE Y

39 log. 4% = O lop, 4 = 3

com I OO1E3 = 4

[

27, gl =

1000/

1 = log, 01077

30 log,f3) = -

3% log, x = log,

t ) T
42, Slog 6 = shog, 45 = 32 =5

g gl o= b

each other.

O, & are irverses of

= v, Fae h “
45, flxd = ™ and pix) =

each other

3 Inx are tnverses of

T
Q%m{ Ry /}

&0 8 = g

5 OO0,
= log, {104

. |

0,097 31 Glog,, 148 = 7072

45, 3 E(}i_"{_,‘-"ij‘ &

44, flx} =
aach other.

5 and glxt = loge x are inverses of

4% and plxy = log, x arc inverses of

46. flx) =

each other.

@ Houghton Miflin Company. All rights reserved.
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Section 3.2

Epgarithmic Functions and Their Grophs

47.

49,

y = logylx + 2)

Domain: x+ 2> 80 = x> -2
Vertical asympiote: x = — 2
fogdr + 2} = 0

2o ]
= -1

x-intercept: (— 1,0}

yv=1+log, x
Domain, ¢ > 0
Vertical asympiote: x = 0
b+ log,x =@

- ; [

. i
e Bl £
Jk - 2 _—— 2

fog, x =

/

wintercept: (1 0]

v o gyl - 2)

Domain: x— 2> 0 = x » 2

Vertical asympiote: & = 2 ¥
P+ logly — 2} =0
fogabe — 2} = ~1 Z
x=2=2"1=4
X 2 gl
x-intercept (5 o}
i

83, flx) = logyx + 2

Asymptote: x =
Point on graph: (1, 2}
Matches graph (b

54, flo =

- dog, x

48. y = log,{x — 1)
Domamn, x — 1 >0 == x> |
Vertical asymptoie: x = |
logdx — 1} = &
¥ 1 =1

x-itercept (2, 0}

5oy =1 -~ log,x

Roman, x » 0
Vertical asymptote: 1 = 0

2 —log,x =40

fog,x =1 1
¥ o 22 oA L
x-intercept: {4, O} =

52 vy =2 + log,lx + 1)
Domain: x + 1 >0 = x> —
Vertical asympiote: x = — |
2+ foglx + 1) = 0

logade + 1) = ~2

i

4
‘ oy ]
ke 27t = 3
: . B B S A S
x-intercept: -3, 0} P ! ‘ R

35, fla) = —loglx + 2]
---- -7

Asymptote:

Asymptote: x = §
Point on graph: {1, 0
Matches graph (c).

Point on graph: (1,0}

Matches graph {d).
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oy
e

56. flx} = logy(1 — x) B, flx) = logg x . The graph of

\ , . . 2l = logle b 7) s 2 hori-
Asyimpiote: x = | glx) = —log,, ¥ is a reflection e

zontal shift 7 units io the left

in the caxs of the graph of £ . .
in ihe oaxis of the graph of f of the graph of o = log,,x.

Bomain: 1 — v > 0 = oy <
Point on graph: (8,0}

Matches graph (a).

9. flx) = log, x & The graph of plx) = log, v + 3 ig & vertical shift
three units upward of the graph of fix; = log, ©.

glx} = 4 — log, x is obiained from [ by a
reflection i the x-axis followed by a vertical
shift four un

upward,

shift three units to the left and 2 vertical &2, Horvizonial shift ome anit w the night and g vertical
shift four units upward

64, In 1831 = 2947 65,

s 43,653 66, 3 {075} = (867

&7 e’ = 2 68 —ine = —] G9, g lE = 1 1 TG Thael = Tini

{fnverse Property (Erverse Property = T} =

7L fixy = Inlx — §}
Diownatn: x » |
Wertical asymptote: x o= |

seintercept: {2, Of

1 i 4 58 78

H
1
R
e
5
o

3. hixh = nlx + 1) v o= dnly 4 1}

omai £+ Fo» 8 oo x> o -
Pomain RS e | ~o3e ol 172 639 | 1009

The domain is (- 1, ool

y | -2 g1 2 4
Vertical asympiote: x4 1w 0 = ¢ = | -
s-ipgercepi: Inlx b 1) = 0
o ox ]
EEE S N
0 = x T i

The wintercept is (0, 01

B Houghton Mifflin Company. All rights resarved,
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Section 3.2 Logurithmic Functions and Their Graphs 108

T3

74.

78.

7.

.

81,

gh} = In{—x)
Domain: —x > 0 = x < §

The domain is { oo, O

Vertical asymptofer —x = 0 = x = ()
x-imtercent: O = Inl—x)

.

i

—1=x

Flay = In(3 ~ 1)
Domain: 3~ x>0 = x < 3
The domain is {~ oo, 3}
Vertical asympiote: 3 - x = 0 = x = 7
x-intercept: {3 — x) =
¥ o= 3 -y

{=3-x

(e
i

x
The x-intercept is (2, 0}

y =3 —x) = x =3~ @

glx) = In{x + 3) is a horizontsl shift dees units
o the feft,

(b} Domain: (0, oo)
(¢} Increasing on (2, oo}
Decreasing on {0, 2}

{dy Helative mintmum: (2, 1.693)

The x-intercept is (~ 1, 03

x| 295|286 | 263 | 7028

y| 3 -2 b =F O]
IR
-3
)
edd

Ta. glx) = Inlx — 41 is 2 horizontal shift four upits
0 the right,

gl = Inx ~ 5 is a vertical shift five units T& pley == dnox v 4 s g vertical shift four aniis
downward. tipward.
gxd = Inlx — 1} + 2 is a horizontal shift one onit S gix) = Inlr + 2} ~ 515 5 hovizonial shift
o the right and 2 vertical shift two units apward. two units w the left and & verncal shift five units
dewnward,
. X X . Zhx
) =z —lIn— 82, glx} = ———
fix) 2 4 o X
8y I tay 1
y/"‘/’f’ £ T
M A{
- .
-1 1

(by Domain {0, oo}
{¢y Increasing on (. 2.72)
Diecreasing on (2.72, oo}

(4} Relagve masimum: {272, 4.41)
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83, hix)=4dxina

{3} 8

P,

o

(by Domain: {0, oo)
{¢) Inmcreasmg on {0368, oo}
Dieoreasing on {0, 0.368)

() Belative minimum: (0368, - 14773

=2
=

= O Oritical nummbers: 1, —7

Test intervals: {—oo, — 21 (-2, 1 (1, oo}
Testing these three intervals, we see that the
domain is {— oo, 21U, ooh

(¢} The graph is decrensing o (2o, -~ 2} and
decreasing on (1, oo},

{4y There are po relative maxhmum or
irdnimum valses.

(I3 0 =0 = oo % 0 Domam: all x # 0
{c} The graph is increasing on (0, oo] and
decreasing on (oo, (]

{d} There are no relative maximum or
refative mininum values.

(b Domaing (0, 131, o0l
{c} Increasing on (2.72, o)
Drecreasing on (0, 11 (1, 2.72)

(e Helative mintmum: (2772, 2.723

Test inteyvals: {~ oo, 23, {2, 0}, (3, o0}

Testing these three intervals, we see that the
domain is (oo, — 27U ool

(¢} The graph is increasing on {— oo, —2) and
ing on {0, ool

e

{8y There are no relative mavinmmm or
rrndrnom values,

I m_mq"_\'\i_ e
i
gr
/z

{hy Domain x> O

{cy The graph is increasing on {0, 1) and

decreasing on (1. oo},

() Relative maxipem: (3, —0.683)

& Heughton Mifflin Company. All rights resarved,
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Section 3.2 Logarithmic Funcrions und Their Grophy 211

89, fixy = Jinx 96, flxp = (in 2P

fay B _— {m} ;
g |
....4—"“"""”——“; .—/ﬂ
/J,,w’“ E - r,x’
X -

{8y Domain: x > O

by lnx 20 =2 x 2 1] Domam ¢ = | . . . |

' {oy The graph is decreasing on (0, 1) and
{¢y The graph is ncreasing on (1, ooh increasing on {1, oo}
{3y There ave no relptive maximum or (dy Relative mintmun (1, O

relative minbnum valoes,

91 f0) = 80— 1Tlogde + 8 02i< 12 92. (2)

(&) FIO0) = 80 — 17 log, (0 + 1) = &0 -
(by Fl4) = 80 — 1T log,ld + 1) = 68.1 #
o} fFUIO) = B0 ~ 17 dog (10 + 1] = 623 [ E—

{dy o The model is a good fin

o — (by T > 300°F when p » 673 pounds per square
4 inch
e [ The graph of 7 and y = 300 intersect at

(cy T{74) = 306 487F

93, DK o4 ¢
T Gss P T T G0 0010 | 0015

.
Tk
St
et

IO IZG 252 326 3T 4191 452 3 S e - |
: : | 020 025 6.403¢
As the amount increases, the thne inoreases, Pl 38T yr P2V v ) 23 vr %

hut at a lesser rate.

i " The doubling tme decreases s r incresases.
(0] 6

. P {hy
/.
20
2&
B e ————— | 5 &

L= 10+ log, (1013 = 10012} = 120 decibels

| = 101og,,(10'% = (10} = 100 decibels

() Ne, this is 2 logarthimae scale.
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: : x
86. 1 = 16.625 En(\x - 750},:{ > 750

f_ﬁz;??;mm\; se Y years
\8e7. 72 — 750) 0T

A [ 165924 %
16.625 mt\;gggg@ - 75{}) s 1) years

(hy (RO7.72)(300(12} = 323,179.20

(a) 16.625 in

Interest for 30-vear loan is
32307920 — 130,000 = 17317920,

Interest for 10-year loan is

192 108 80 ~ 150,006 = 49108 80,

g8, v = BG4 -~ iy, 100 £ x £ 1500

. 450 cubic ft per minute

97, v o= 804 ~ 11inx
w300} = §0.4 — 11 In 300 = 17.66 #t%/min

.

100-——;’ 150

{a} = 15 cubic feet per minute per child

36 children

8%, False. You would reflect v = 6" inthe line v = .

161, 5 = log, 32 162, 4 = log, 81

BY= B =3

15, The vertical asympioe i3 (o the right of the v-axis,
ane the graph increases.  Matches (b),

107. flx) = log, x s the inverse of glx) = 4. where a °

108, (a) flx) = Inx glch = Jx

3
[ A————
3 i
5 WO FTY

y flx) = Inx gl = &

306
.
}, W
B et i 3 000
i

The rate of growih of the nateral logarithmic
function is slower than glx) = 217 for any ».

100, Troe. log,{27) = log, 3% = 3

103, 2 = log,(H) 104, 3 = log, (]
bt =15 = (3 b= = 5

166, The vertical asymptote ig o the left of the y-axis.

Baiches (b
B.a % 1.

169, {a) False, v is not an exponental function of x.
{y can never be 0}

{hy True, ¥ could be log, x,
f¢y True, x could be 27,

(dy False, y is not Hnear.
{The points are not collinear)

& Houghton Mifflin Company. All rights reserved.
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Section 3.2

Logarithmic Functions and Their Graphs

A%

TR (1)

T
+

Ag you use more terms, the graph better aporoxamates the graph of In x on the interval {0, 21

L fle) =
X

a3 |

X 5

10

bt

1 {}h

Fflap | 0

8322

0.046

G00092

B.0000138 |

J

By As x moreases without bound, f{x) approaches 0.
P

(C} 08

[} YN DT VY

[N P G

= 1118

Or, you could graph f{1) and v = 60 together in
the same viewing window, and determine their

point of infersection,

134.

B4, 16

X
U3
= ok R
27 4

113 o 4
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119, 265 + x7 — 450 = x(2xF + x — 45) PR Gx? - 557 - 12y d3x% — Sx - 12}
= {Zr — 9x + 5 = x(3x + 48x — 3}
20 (g2 =) kg2 = 3+ 2]+ [ - 1= B4+ T = 05

122 (f- =N = (=0 - (=D =

123, {fg)6) = pleyels) = [3(6) + 2J6° ~ 1] = [20]{215] = 4300

N :
124. f/ i}{u} ==
94 -

ot
bt
Lok
LA
e
~3
i
-
-
b

126, vy = —2x 4 Jand v = Bxomersectat x = 0.3

—F

The graphs of v = 5x -
and oy, = x + 4
intersect when x = 275

I
or -

P

127, Jix—2=9 128 v = Jx — i1 and y = x -+ 2 do not intersect.

The graphs of y, = 3x — 2 and ¥y = 9 mitersect Mo solution

when x = 27.667 or E:

Section 3.3  Properties of Logarithms

B You should know the following properties of logarithms,

(a) log, x = if}giﬁ,"

i fog, @
(by log fuvy = tog, w4+ log, v Infuv) = lpu + Inv
(cy log lu/v) = log, u — log, v Inli/vh = ny ~ Inv
{dy log, u" = niog, u e = nlnu

B You should be able to rewrite logarithmic expressions using these properties.

Vocabulary Check

. Inx .
1. change-of-base 2. }ﬁj—; 3 log,u” 4 Inu +lnv
gy 108, x
Eo{a) log.x o= “"“j“’"iw_:f' Z. (a} log,x = 2T
togio 5 ) fog 2
/ L Inx
{b) log,x = s (b} log, x = —

© Houghton Mifflin Company. All rights reserved,
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Section 3.3 Properties of Logorithms 215

logg x Yog, 1 fog,qx e, %
3 (a) log, g x = e = —El 4. (2} log, 5 0 = e e
logy 1/5 logy, 5 tog, {1/ log,, 3
. fnx . -l x
(&} Iog, o0 = W,E 17 i (b} logy ,x = 7;;?
i [ 54;*3 :/ i}f ) g, x
& {’g" Teng | e © oo e f};, mg* fay e o om — &G
RN mrm a A Ty
£330 m3/10) {3 by
[ : I
{0y iog i w—, =i by log 1~} = —\—~—— (B o, o = e
o ina / ”"’?\f-é,} fri g (b} logy s « in 2.6
beser g by 7 in 4
e loo, xR % olog, T = — = 1771 1 g, 4 = e == T2
8. (&) logs, x loe. 7 ] e T 3 Ik 27 by 7
-1 -
" Inx
By log,, x = !%’
n 7.}

In &4
£ - EC T
T /s

= -2 12

1t log, n 4 =

(1015) g : in 135
14, log,(0.015) = _ (0015 15, log,. 1460 = T 2691 16 log,, 135 = '“%}%f = 3T

n3 ) In 15 2
= 3 B2
I7. n 20 = Infd - 5) I8, In 500 = (5" - 4) 9. lng=1In5 - 6l
........ Ind 4+ in s =lnd +Ind 8 - I 40
----- Tind + Ind In & 3in g
2. imcmn2 - Ins 21 log, 25 = jog, 5
fn 41 In 5 = 7 log, 5
fnd - dm 5 we O BITL) == 16542

22, log, 30 = log, {2 - 3 - 5}

= fog, 2 + log, % + tog, 5

= 433562 + (.5646 + GRZTL =~ 1.7479 = (LI823

r, 50 bog, B

s 5o 2log,

3
= JOR2TT) — HO5646) = (15250
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Expornential and Logarithmie Functions

mlx + 2)

in3
w“"_’—ﬂ“ﬁ
. 7 ]
-4
) = b= 2 k- 2)
27, flo = logiple = 2 = S s = s

35 log, 8 = log, 27 = 3log, Z

)

i wil
= 3log, 47 = }{3} fogr, 4

3
=

35, log. = = logy 1 — logs 250 = 0 — log,(125 - 2)

= —logs(57 -

= ~{3logs 5 + logs 2] =

37, loge Sx = logy 5 + logyg
5 <
3. dog— = log 5 — logex

25 = —{logs 3° + logs 7]

=3 = lngg 2

_ Ll 1)
26, flx) = logylx — 1) ' )
r‘_’_,._!"“”
. / 11

28. flx} = log plx + 1) =

Clelxt 1) Il + 1
T omfi/3 T e

: [
A (R A

3. fix} = log, o 'M}

o

{x

2/ w1/ 2

32, log,{4® - 3%

36 —Ini4d

fog,y — log 2

= log, 4% + log, 3

= Piog, 4 + 4o, 3
= 7 log, 20+ 4log, 3

s in 6 - ine”

In6—Z2he=In6—2

= o~ in{2% 0 3)

woe iy 33— In 3

41, log, ¥ = 4 log, x

© Houghton Miffin Company. Al fights reserved.
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Section 3.3 Properties of Logearithms 317

. H

-3 H % o i/ ! N I §4% iy
42, loggr 7 = ~hlogg 1 43 InJr=inzVe = gln g 44, Ind/r=lnd = iny
48 Imxyz=Inx +Imy +lnz 48, Inv— =inx - lny ~Inz

= ioge x” + logs ¥+ log. 1

£7. Topla?hc?} = log, @ + log, b + log, ¢

w 2logsa bt log. b+ 3log, o = 3logs e+ 3logey

49, R S U

7

ooy 3
= Ting + 5 bl — bfa = 1

byt WSy - e, ¥+ log, v - log, o
i - .
=4hx+-lpy~-5mz = - & log, ¢

I .
A — ®r las z 5 |2 3 16

o v, ~0.5754 | 16094 | 29211 | 28712 | 52417 | 05468

e . vy | —0.5754 | 1.6094 | 29211 | 3.8712 | 52417 | 9.5468

{cy The graphs and table sugpest that
v, = vy for x> 00 In fact,
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. Jx {
58, v = in(x - 2}»2 = giﬁX ~ fnfx — 2}
@ L I 4ls 6 16 2
v, | 65493 | 0| —0.2939 | ~0.4504 | —0.9281 | —1.393
Y, | 05463 | 0| —0.2939 | ~0.4904 | —0.928) | ~1.393

r
=3

(o} The graphs and (able suggest that v, = y,.

in fact,

I
¥, = %rz(“'ﬂ“) = i gt - Inly — 2} = ;W inx ~ inlx — 2) = y,.

8%, Inx 4+ Ind = indx & Iny +lnz=liny 61, log, 7 — log, v = log, z
¥
‘ 8 . : 2y I ¢ 51
62, tog. & — loget = g{}éis"; 63 Zlog,fx + 3) = logdx + 3)° &4, 3 log,(z — 4) = log,{z — 43%/7
65, Lin(® + 4y = Inlx? + 45172 66. Zlnx + lnlxr + 1} = Inx + Inx + 1)
= Inix® + )
7. inx o~ el + U= nx - lnfx + 1 88, Inx -~ Zinlr 4 2 =lmx o~ Il + 28
= T
fx -+ 25
. . ) . x— 2
69. Infx — 2} ~ Inlx + 2} = m{;“j:;} T Zlox b 2iny —4dlnz=Inx +ilny ~ Ind
= Iy %y — In gt
3,2
= %ﬂxj:
Tolnx ~ Hinly + 28+ Infr — 2)] = Inx — 2 Wf(x + 2Hx — 2]

H

Inx — 2In{x* — 4}

= g g - Eﬂ(%z - 4}2

= g g ~

72, 4llnz + Infz + 311 — 2Infz ~ 5) = 4{lnz{x + 5] — Inlz — 507
= tnlzlz + 3P — Inlz ~ 5¥

@ Houghton Mifflin Company. All rights reserved.
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Properiies of mgczrféhms

19

73, %{2 Inlx + 3} + Inx — ol — 1)] =

74, nx -~ Inlx + 1) — In{x — 13 =

ft
o3

1
78, *g{m}z + 2inly + 4] — Wmly — 1} =

76. Hinlx + 1

7i.

{b)

+

R——

H
3

wr_g“»-«

=

e

LA Lt
k! 22
[T
x 1
R fv — 13
In T Ity — 1 ;‘s
%
E?‘i T o M\:i
{x + 1Hx ~ 1)
E X 1
P

Ix + 3%+ Inx ~ In(x? — 1]

= finfls + 3] = Il - 1]

flny + In(y + 47 ~ Inly — 1)

! .
= Sialyly + 47) = Inly = 1)
= 10350y + 47 — nly - 1)

Zimlx — 1)+ 3mx =

Py b il - LEE A It

=y iﬁfﬁ{’x 4 j}{x .. }}E‘E + 3[%;(3
=Inf(x + Dl = P2 + Iy’

= allx + 1V — 4+ e x®

= Eﬂgﬁ{x - E}f);m"*:w}w]
[1n & — In{x? + 1)}
64
m{“:;“f”““:
W 17
5 {c} The graphs and table suggest that vy, = v.. In fact,
v, = 2[In & — In(x? + 17]
# 4 3
- =2ln 21 in {x2 + 1Y
x| -8 -4 -2 |0 2 4 8
yo o —41899 | — 15075 | 09400 | 41589 | 0.9400 | 15075 ¢ ~4.1859
v, | —4I899 | —1.5075 | 05400 | 4.1589 | 0.5400 | —1.5075 | — 41899
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TE v, =
{a})

3

{cy The graphs and table suggest that v, = y..

In fact,

9. v, = Iy’
o= Dlnx
Y >
. i/,w“" g

80. y, = tnlx* s + Dy =lnx+ Hnlet +
(a) s (b}

G

¥ Mo, the expressions are not eguivalent. The domain of v i all x #

domatn of v, 48 x > O

81 tog, 8 = 2log, 3 = 2 87,

83. log, 16°% = 340,47 = 68log, 4 = 6.8 84,

85, log,{—4) is undefined. —4 is not in the domain of #6.
flxy = log, x

87, log, 75 — log: 3 = log, B o= g, 25 = log, 5% = 2 #8.

8. ne —Ine’ =3 — T = —4

91, Tlnet = Hillne = &

Inx + dnlx + Dy, = mlxJx Fihxs0

et ; ' E 10
v, | ERROR | 034657 | 1.2425 | 2.5053 | 3.5015
v, | ERROR | 0.34657 | 1.2425 | 2.5053 | 3.5015
= Eniixw@m:?:% =y
LN N -4 2 4
v, | 4.1589 27726 10 | 13863 | 27726
v | undefined | undefined | O 3863 | 27726

{c) The graphs and table suggest that v, = v, forx > 0.
The fanctions are not equivalent because the domans
are different.

1*;
x| 16 L —1 & i 5 i
v, | 34564 [ 17329 | ERRORE | 17329 | 247240 1 34564
v, | ERROR | ERROR | ERROR ; 17329 ) 24740 | 34564

a7,

= 43, wheresas the

1 Lo A '. e b
fog, 6V = mﬁ} & om 3l}] e d

o5 /6 =

i 3 o . e
3(};;{% 5y = Tog'_ 3 — 1 log, § = — jl{l) o d
fog,i— 16} is undefined because — 16 s not in the

damain of log, x.

v T e g, 37 = 12 4 Y. 432
log, 2 + log, 32 = log, 4 bog, 4
! 5
s g fog, 4+ 5 log, 4
5

=6ine — llne =6 ~ 1= —4

b
LAy

inet? = d8ne =

@ Houghton Mifflin Company. Al rights reservad.



© Houghton Miffiin Company. All rights reserved.

Section 3.3 Propertics of Logarithms 221

kY 1 Pt 3 45 3 3
%3 En(:i/z} = fpfl} - lnet = 0 Zlne = w;;; 94, In e’ = Inet = 3 Ine = 3
' 5 ) )
95, (a) B = 10" isgm(mﬁ-ﬁ} = Hflog, 1 = fog, 10717
= 10{log, I — {12} log,, 10]

i0flog,, T+ 121 =120+ 10 - tog,s b

® et e | o 10m10 | 0017 | 107 |
Blso 16 |40 |20 10 —20

(cy BI07% = 120 + 10 - log,, 107% = 120 — 40 = 80
BOOT6 == 120 + 10 < Jog,, 107% = 120 — 66 = &0
BOHG ¥ = 120 + 10 - log,, 167% = 120 — B0 = 40
BT = 120 4+ 10 - log,, 10719 = 120 — 100 = 20
B0 = 120 + 10 - log,, 10792 = 120 — 120 =6
BOLOTH) = 120 + 10 - log, 1071 = 120 — 140 = ~20

96. fl1) = 90 — 15log, (t + 1.0 £ 1< 12

(a) = (by When ¢ = 0, fl0) = 90.
, . .
\\M (cy fl6) =77
e idy flizy =73
[ — * ey flr) = 75 when r = 9 months,
97, (ay) w® by T — 21 = 54 409647
- T =71 4+ 5448(0.964Y
ff . B w . San P
20 M‘\
Mwnﬂ
G o)

The data {1, T — 21} fis the maodel
T — 21 = 54.4(0.964)"

The model

7= 21 R 54.4(0.964)

fits the original data.

~—CONTINUED—
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47, - CONTINUED—

foy T — 213 = — 00578 + 39971, Hpear mode
T MmO IR -
T = 2f + 5440 007 an

= 21 + 54.40.964)

= 000121 + Q01615 lines model

i
T 000121 + 0.01615

f
= 21+
e G.00121 + Q01615

98, Wy ow ab then by = Inleb™ = lma + xin b 94, Troe

e ‘ H H
which i Hnear Hy = ———— then — = cx + 4.
cx i Y

164, False. Forexample, letx = Zand g = 1. 181, False Forexample, letx = Tand g = 2,
Then fly — a) = Infd ~ 1) =0, bt "X /1% 1) ind ‘
TN Lo . Thep =1 = Inl - | Bog b m = = (3,

flep o flay = {2y — b= In Hm}f{&j I”éz,f Bmuf'{a} in 2 0

152, False. For example, let x = 103, False. /Inx # ? I x
Then fle + ot = Infil + 1) = &

Ffa) = Qo Dn 1) = 0,

164, False Forexample, letn = Zand x = ¢, MBS, Troe Infact. iny <« Guthen 0 < x <« 1.
Then [ 7] = [In e]
nflxf = Jlne = 2

H36. False For example, et x = Ve

. Y o L o
Then flxl = Ine = 3ine =5 > 0. but Je < g

YT, Lety = dog, xand o= log, .,

@ Houghton Mifflin Gompany. All rights reserved,
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‘ % : T .1 :
168, 7ix) = Eﬁ"?-: | P 109, flx = log, x = o
b x N m 2 ’G
[y = i
gt) I 2 {,
Bl =Inx = In2
Flxy = hix) by Property 2.
B0, flx) = log, ¢ = 0% 11 F() = fog, /% = L 10X :
HO. flap = logsx =17 P B e
3 2 o S B
@ ¥ -
1) = i Lin g 3y infx/3 2
112, flx) = log; S = 3 1m0 183, flx} = k}gﬁ-\{ﬁ) =TS

wld
| oy o x_lmx—In5 -
114, flx) = log, 5 n3 ! //"' =
&

5. Ini =02 =063, In3 = 10986, In 5 = | 6004
inJ == 06931
in 3 = [.OYRE
nd = 1is2+ In2= 00931 + 060831 = 1.3862
In3 = 1.60%4
e =in2 +ind = 06931 + L0986 = 1.7917
= indt = 32 = 306031 = 20793
Ir9 =3 = 2in3% =~ 31 0986) = 2.1972
mIg=In5+in2= 1.6094 + 0.6931 = 23025
Ini2=12>+m3=2mn2+ind~ 2006031 + 1098 = 24848
1S =In5 -+ Ind = 16094 + 10986 = 2. 7080
I 16 = In 2% = 41n 2 =~ 4{0.6931) = 27724

]

mr=ln5 -+ =Ins+ 2in2 = 16094 + 206931; = 19956
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119, ool

P21,

128,

s 18 =

(18

{ i 3):3}'4}3

""" i
e : ¥
&Y

(g = Iy + 2H3x — IH3x + 1= 0

¥ o= &7, :‘ﬁ'i:

Gyt - 26yt - 25 =0
(x? — 25M8x% — 1y = 0
(x — SHx + 5H3x + IH3x — 11 =0

. = Lty ¥

122 5 - 14:},12 A 48w

xHy — 6 — 4lx — &) = 0
(x? = 4} ~ 6} =0

€ Houghton Miffiin Company. All righis raserved.
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Section 3.4  Solving Exponential and Legarithmic Equations

B To solve an exponential equation, isodate the exponential expression, then ke the loganthm of both sides.

Then solve for the variable.
i log, o = x
2. Inet =x
B Tosolve a logarithiic eguation, rewriie 1t in exponential form. Then solve for the variable.
1 Qm%‘"g Eoam oy
2oet = g
B o> %andae # 1 webave the following:
Lolog,x = log,y = X = ¥
Do =gt e oxoe oy

B se your praphing utility (o approximate sobutions,

Vocabulary Check

1. solve Lo {ay x

i

v (byx=y () x (d)x

3. extrancous

B 4577 = p4q 2. 2¥F = 37
{ay x = 5§ () x = 1
4ED T = 4% = 64 GH- ] e 3 = i
Yes, x =~ 5 s a solution. Mo, v = 1 18 not a solution,
(b} x =1 () x =2
R 2HIHE = 77 = 128
Na, £ = 2 is pot 2 solation, No, x = 2 is not 2 sololion.
3 et =% 4, d4e7 1 = 60
(a) x = —2 + ¢ By x =1+ ml5
Bﬁg-__Qﬂ{ES‘J 1 36?25 = 75 gl v in ) R — 4etn i 4,( 3_5‘} w G
Mo, x = =3 4 &5 s not a solution. Yes
by x= -2+ 125 {(by x = 3.7081
Geln IHRIN YT o 30025 = 398} = 75 43T L g 2T e g0
Yes, x = —2 -+ In 25 15 a solution. Yes
{cy x = 12189 ¢y x = In 16
b TIEE D o 3RS o 75 4B 5T e D35 £ 60

Yes, x = 2189 is a solution. Mo
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5. o,y =3 fay x = Z1.3560 is an approximate solution.

4% = Ay by Mo, v = ~4 is not a solution.

5 &4 - .
(€} Yes, x = % is & solution.

(a) x = 1+ &% (¢ x= b+ 38
n{l = &*F — 1} = Ine’® = 38 il 4+ In 3.8 — 1) = Indln 3.8) = (1288

Yes, ¥ = 1 -+ 278 ig g soluton, N, x o 1k In 3.8 is not a solution.

45,7012 — 1} = Infd4.7012) = 3.8

Yes, x == 43,7012 15 g solation,

G, n B flx) == gg,{_}
. Y =

Pognt of intersection: {3 &)

Algebrudcally: 27 = 8 =

PR K 7
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Section 3.4 Solving Exponentiol and Logarithmic Eguetions

ZET

11, Point of intersection; (4, 1)

RN
i

5 -
gler = 6
_»—"""":F
& ol %
&

Point of intersection: (25, 6}

Flogox v 6

X 2=+ 2

[ o S
Py
o

]

i3 30

N
P
/" 7 |

50 é 27T
S "

Point of intersection: {243, 200

Algebraically: 4 log, ¥ = 20

Boint of intersecuon: {—~4, — 3}

Algebraically In g% = Zx + 5
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ud
£y

43. -

x-S =0 A Inx—-in2 =20 3 nx = —

L4t 16 18. 3 = 243 19, 57 = 20, 7 =

4x == A2 ’gxmg“

G g
i
)
i 4
o
SO A
Frob
5
e, e,
o S
\‘-nv:‘l "
“
"
-
[t
e

log;, 19 = log, 36 x = log, 65

x = Tog,, 36 = 1.5363 In6s

pEtd oo 284 Alrernate solurion; g7 T TR g

E e 9h e BRE FEEE o g LR e

wd
Lok
[
¥
]
[t

i

i

:

=
g
b
o
¥
o
!
B
i
-
5
)
]
fi
o
o
it
3

33 log, 625 = 4 34 log, 25 =2 35, logyax = —1

¥ = §23 x* =25 = !

x5 =5 i = ?{}

o fogg £ = Yook - 1) = % 38 In3x + 5) =

Ty e | = g et + 5
I+ e 1 :
V10 = ,_W.M,é_f__. = 74707 x =zl — 3)

= 491 986

et = i = iR 46, et = Ty - | 41, AT m Sy + 3 42, JnF = 0

Podlme™ = « i 4 Jx=Jx | 44, 5% + o8 X Byt et — W
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Sotving Exponerntial ard Logarithmic Eguations

2EB

g5 = 360
In 8% =

&5,
b 364
in 30

48, A% = (3,30
b 0165

in 18

4

(~Hjind =

T i/

= 6.960

[+ 000581
L0008 F B

3 5000 250,000

SR LOSY =
EOOY =
x {10605 =

1950
035
In .25

In{ 005
- 277 951

46.

= 3004
= In 3000

i 3000
TR ey 20 { . 4 4’
: Siné 89

PoxETS
o ml113/s)
* m 2
€ — 1408

.01 i
pRTUE RN
Lo

pin LT

i

Il

Co
5 in 3 T‘“i{g}
; (5 = n 5
P
z): = ]

{2 r} b o= iy 431
, _ a3
R In B

Xome =L

in 431

—4 917

=36

2 = ip 30

In 3

0.878%
Tipl 14 3 i
H( 3 26 }

340172 :
L NN

150,000

L300

b #
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63, T~ 42t -5 =0
(g = 5)er + 1} =0
et = Boret = —

x =105 = 1609

{¢* = —1is impossible.)

64, 100500 = 125 0606
ﬁ(}.mm = 1750
00050 = In 1250

in 1250
0.605

x == 1426 180

P

67. XTI px 2

B dy D=0

xrzrt\/i

x = 3414, 0.586

59, 7 — 2" =5
—-2eF = -2
g =1

x=ln} =0

62, &® - 5eF 4 6 =0
{o% — Zile” = 31 =0
e = L oor et =
x = in 2 == 0693 o
x=ln3 = 1069

65. gt = gt 2

&7, 500eF

63, 250002

80.(}2&:

0.02x

= 25

3

i

Z
T

a5
=¥

=1n % = 2120

FO, 006
44

[ 40
o 40

607

+ 184,444

¢ =

2= 02 - §

32 =Dy~ & =0

(x — 4¥x + 21 =0

e

i

x=4, =2
350
400 8
350 7

1

7
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Section 34

Salving Exponential and Logarithmic Equations

33

e = e T E g
34
—x =l
3 1
o= —ln 19 In

- 3o SRE1E 8

Fe LK
P [ERES Y

— 0001y

T4, et = 5

= 1000

&
-

=T = (345
oo 90

= (395
= (0.473

= iy (1,475

0475

T hom
744 440

x 1.6

¥ 24,53

2996 | 3660

G : @
5
x oo RS
s 350
b+em
a0
et
’r//'
o )// -

x| oRAG

44

P tgeilf‘ﬁ.fkf:{

i

— A;{,_-----G’.L:?,:( —

5,080

L
el
S,
o
ES
i

= 2043

001

= 183.258

67 0.9

1.0

14.8%

20.09

x o= (1828

TR, OO0 - e

X 5

5

flx)

GGE

200

ZA00
S i
[ ~ |
“ i
% )
5
2
200
¢ == B.635

x 0 i 2 13 14
M0 Vano ogo Dasy o as1 ) 393
] o+ e
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365 |

3000

7 e

78,

The zero of v =

T+ et

is ¥ == 3,656,

82, flx) = 3B - 967

1000

J

1100
BS. Iy = —3
¥ = e F A (050

91, tog.{3x + 2} = logsl6 -

D=6k

dx = 4
i o=

oo

2.471\%

78, (4 - =2
8 (4 a0/
3.918275%

The rerpof y =

A3 & é;f} e Q(in‘}f -3

B
7
3} / A
et
et

Zere ary = 12,207

x == 4433.247

X} 92, logeld + x} = log2x — 1}

4 4+ x o= Iy 1

=5

i

21
3.938225% — 21 s 1= 0247,

81 glx} = 6017 F — 25

&

ettt

-5

Zero at x = — 3427

24, h{t} m gB12R g
The zero is 1 =~ 16,636,

10

o

7. lmdx = 2%

M3+ Zlnx o 10

&3,

&
i
w
e,

Iy

§
L
i
v

1R
= (P + 3
= 13

© Houghton Mifflin Company, All rights reserved.
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Section 3.4

Selving Exponential and Logarithmic Equations 233

94, log,, =6

€= 106

x =k \,‘/Enf“fm}g = 4 KK

95, 7 log (0.6x)

bog £0.6x)

,@?2;’?’

98 InJx — B

=12 96, 4log.,lr — &) = 11
=7 gl — 6 = “lf

= 0.6x = ix GV =y — 8

6 1011/

= %412/{7 yow

11545 = 568 341

= ¢! Tl - 8y =5
85 = 10

e‘;’() =y - ®

Infx —

x = 848t

= 7 0334 460

é-,m('.x [ - (:7:?‘
[y -+ 3}_ = o2

414

B
i
i
S

W, Il + 1) =8

162, log.x T logsle — &) =2
1=

logyx(x ~ %)

37w x{x - 8 = x* — Bx

8x ~ 9 =0
fx — 9y + 1} =0

xomm (-}

{x = =1 is extraneous.)

101, log, x — logyfx ~ 1) = —

[

Qgﬁgé{-xﬂfx 1) e

4172
&

163,

Rath of these solutions are exiranecus, so the
equation has no solution.
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64, Infx + 1y - Inlx — 25 =lnx {x > 2)

x4 D=y - 2= % — O

#--1=0
C3x /844 34 13
x 5 2 5
. .. . 3 S
Taking the positive solution, x = www»éng’; s B
1465, 1{'}%3{} By — Iﬁgff.}{} 4 VE} wm
) . i
2o 1+ \/; g
2 .
J—— ol R EE}Z

B o= 100+ 100y
% — 100Vx — 100 =0
I~ 257k — 25 =0

5= /AR
A 4

4

Chaosing the positive value, we have /v =~ 13431 and x =~ 180384,

[ L8y
Lt

166, log,o4x — Tog, 12 + w/;} =2t > O 7. indx = 24
foggg “““f}““““f =12 . 5
124+ Jx ..
S 1 100 ! {*’i i
4 = 1200 + 100/
x - 23./% = 306 = 0, Quadratic in /¥ 3
A5 (=253~ 4{-300) B J189% ' !

wd

P2

2

Taking the positive root and squaring, v = 11485

@ Houghton Mifflin Company, Al rights reserved.
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Section 3.4 Solving Exponentiol and Logarithmic Equarions 138

108,

31X

11

Flx) | 899 | 9661 10.20 | 1067 | 1107

o

x == 56806

x 150 155 160G 65 1 TG
Flxy ] 1085 1092 0 1099 ) 1106 1 113

x == 160480

= 33 -
logpx =x" — 3

Graphing v = log,,x —~ ¥ + 3, you obtain
two zeros, x &= 1468 and x = 0001

Llnx - Infx — 2} = 8

Graphing ¥y = Inx + In{x — 2} — 1, you obtain
one zero, ¥ = 2928

1318, Iy — 3 4 indx + 3) =1
Graphing v = Inlx — 2} + Inlx + 3} — 1, you
obtain x == 3423

"7y, =17 o
v, = 20— 5 ;f’
Intersection: (4.585,7) 7 ¢

&

119, ¥ = a0 " 100
¥y = 48'"0'2{ 1\ kN
Intersection: ‘}\\
. . . % B ] 1]
(~14.979, 80}

121 y, = 3.25 4
= inte + 2 77"
Intersection:
(663.142. 3.25) B

169, 6log,(0.5x) = 11

x|z 113 14 15 16 |
Fleb 979 | 1022 1 1063 | 1100 | 1136 |

o

x o= 14 ORE

%KW/M/NM ]
[ | 260

i

112, Solving y = log % — 4 = €, x = £100.

4. Iny +nlx + 1) =2

Graphing v = Inx + Inlx + 1} — 2. you obtain
ane zero, x = 2.264.

116, Imx -+ Inlx? + 4 = 10

Solving v = Inx + In{x® + 4} — 10 = 0,
e 277984,

118, v, = 4 ‘
}?2 = ?.'X""E - 2 ; ¥
‘The graphs intersect ? E— s
at {x, y) = (0.631, 4).

128, v, = 500 o
¥, = 1500702 k\' y
From the graph, we have \
(6,9 = (2.197,500). N

St
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B2Z. oy, = 1OS 123, 2x7e™ 4 Jxe™ =0

vy = Ina/x - 2= dinlc — 2) (207 + 2x)e™ = O

Jat o+ Px =0 (since & # ()

x{x + 1) = O

OIS SO ——
M.n-""'ww
5, ¥ =0, -1
IS S A P

The graphs interseer at (10,166, 1.05).

134, ~xle ¥ b Fre ¥ m () 125, x4 et

oyt D= {since e™* # 1] =xob b= (since e # 0)

136, o7 - Jyp” ¥ = () P27, Ixlnx 4 ox = 0
(i = 2xje ™ =10 HAllmx+ =0

= 2% =0 (sinee e % () Thx+1=0 {sincex > U}

*‘
Z
o
|
]
1
R

131, (8) 2000 = 10000073

\‘ -x'}i ; ‘ 2 .‘.:.:. f?ﬁ €)w}‘5;
TS T tn 2 = 0.0751
6 2in ; ; {3

n2
;o= s 924 years
ki

) = 1= 0 fsince ¢ > O 0.075
(b} 3000 = 10600577

Il — } Y o 0075
J R

X in3

g o e 2 LA B8 veary
. 4,075 e

@ Houghton Mittlin Company. All fights raserved.
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Section 3.4 Solving Exponential and Logarithmic Eguations

132, (a) 2000 = 100009
E= 83.5?{5)‘.
2o 062

b 2
e s § vears
0o 11.55 vears

() 300 = 100007

%= eﬁ.&fsr

i

3= 0.06¢

3 :
Eﬁ_ = [H.31 years

.
r
i

134, (a) 2000 = 100000

T o fﬁ,{}f%'?ﬁr'

4

In2 = G.0375¢

i

by U0 = 100089875
g = gOOFTH
in3 = 0.0375;

n 3
= et = 70 3 vears
F g T 290 years

— s000{ 4
136. p = 5{)@(}\ 1 - ;{";1“’";;‘1"@%)

{a) When p = 560

B0 = 50@0( b e
4
012 =1- 4+ g- 000
4
e

= 3 57 4 (.§Re 000

0,002

g

I — = Ip ¢~ 008X

-~ (3.002x

fn{6/ 11} .
I umman—————— = 3(}?& is
¥ s LS

:

1A%, (23 2000 = 10060025
3 oo G005
2 = 0.025

in2 L
£ o aons 2773 years

(by 3000 = 1000e" 02

1= PRl

I 3 = G075

I 3
¢ e pHI )
P hons 4394 years
135, p = 500 — 0.5(e2004)
{a} po= 350

350 = 500 -~ 0.5(e000
300 = GO0
3.004x = In 3040
x == 1426 upits
) po= 300
300 = 500 — 0.5

O004x = In 436

x o= PAOE ynits

(bvy When p = $400:

400 = 5000[ 1 ~ ——
400 =0 . 4 + prOfix )
4
008 = 1 - —— 5y
4_
— = = (.92

4 = 368 + (1920
(.37 = (.87 000k

*8” g GO
23
g
in = by o 0000
n{8/23]
o= o 8 s
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137. 7247 — 3965 In¢ = 5800
=595 = - 1447
Iy o= 24258

f== 1A or 2601

138, Ve 6.7 W1y w0

(&)

i
§

5 e 00 £3
3 n

by Ast— oo, V—> 67

£

i

Horizontal asympinter ¥ = b,

The vield will approach
6.7 million cubic feet per acre.

138, (a3 2

b

t

From the graph we ses honzontal asymptotes at
v o= Gand v o= 100 These represent the lower and
uppet percend Bounds,

B+ e

T 14 6

LAy

&

o
il

{cy Males:

| g OETIA-ESTIY o g
pratale- 69T oy
~{(361 4y ~ 69717 = In 1
~ 06114l — 6871} = O
x = 6971 inches

1o

P+ e LEGETT 44515
T &

Females: 50 =

I 4 p LA T L ok BT i

o OBS6ETE S =
— 0666070 ~ 6451 = In }
— 066607 ~ 6451 =

£ = 64571 inches

e © 1=

676181

A8 LA

- A8 o
ez 26 3 yzary

(1367

=

(b Horrontal asymptotes: v = 0,y = 0,83
The apper asvmpiote. v = LR3, indicates
that the proportion of correct responses will
approach .83 as the number of irials
INCTeases,

(¢ Whep P = 8% or P = 560

060

o g - I
060
RES ;
in E,"ﬂ.zzf - gﬁi{m\m'f“"" 1 }
VOB J

]
/
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Section 3.4

Solving Expounensial ond Logarithmic Equations

3%

14r. 7= 2001 + 7(2°4)]
{ay

£ P
G

(by We see a horizontal asympiote at y =
This represents the room temperature.

@ 100 = 2001 + T(2"%]
F= )+ 2R
4= 7(2H
4y
7

in(é} = in 2"

4
ln(~) = fp b 2
7

na/7) _
i 2

A = O8] hour

143, False. The equalion ¢* =

145, Answers will vary.

146. flx} = log, x, glx} = a%a > L
{a) a= 7 2

i
&
10 28}

i

0

£} has no solutions.

142, (a)y 13,387 — 21905 In¢
21905 In ;

ing

fi

i

1250
6137
2.8010

ree 1AS, or 2006

£y} weoen

20.

BN

&

(cy Lety, = 13,387 — 2190.5 In ¢ and y, = 7250,
The graphs of v, and v, infersectat 1 =~ 165,

144, False. A logarithmic cquation can have any
number of extrancous solutions, For example

{2x — 1Y 4+ Inlx + 21 = In{x® — x — 5} has

rwo extraneous solutions, x = — 1

(by I flx}) = log, x = a* = glx} intersect exactly once, then

k= log, x = at = a= 2

The graphs of v = /7 and y = ¢ intersect once for o = etit = 1,445 Then

log,x =x = (/P =5 = =1 = x = e

For g = ' the curves intersect once at {e, e}

{cy Fort «

4 < ¢h7 the curves intersect twice. For g > &Y%, the curves do not inlersect.

1

The curves infersect twice: (1.258, 1.258) and {14.767. 14,767}

and x = -
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Chapter 3 Exponential and Logarithmic Functions

147.

Yes. The doubling time is given by The time o guadruple i3 given by

2?} — g‘jgﬁ . 4}3 o j{)ﬁvf‘f

2= e 4 = gt
In2 = rt Ind =

whicl is twice as long.

To fnd the Jength of tme i takes o1 an 149, flx) = 3% — 4
ivestment F w donble to 2F, solve

2= per o ;

- i
"
n 2=
in?2

Thus, vou can see that the tme s not dependent
on the size of the investment, b rather the
nlerest Tate.

151, flx} =[xl + ©

183, fix) = 170 rel o
Pyt w4, x 2 0 ¢ e

& Houghton Mifiin Company. All rights reserved.
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241

Section 3.5 Exponentia! and Logarithmic Models

B You should be able 1o solve compound interest problems.

r'\‘J‘H

1A= P{E 4 r;)
2.4 = Pe”
You should he able to solve growth and decay problems.
{n) Exponential growth if b > Ouand y = e
(b Exponential decay if b > Oandy = ge™5.
You should be able to use the Gasssian model

y = ge AP

You should be able 1o use the logistics growth model

¥ = {jbe eyl
You should be able to use the logarithmic models
v = Ifax + Fyand v = loglax + Bl

Vocabulary Check

Lfayiv i oy vt ddy il feyvi (fr b (g v
2. Normally 3. Sigmoidal 4. Bell-shaped, mean
5, v = et 2.y = et 30y = 6+ logghe + 2}
Thig 1§ an exponential This is an exponential decay This i 2 logarithmic model,
growth model. model. and contains {~ §, 6,
Matches graph (¢} Muaiches graph (e}, Matches graph (b).
4 . 4
4. y = 3l 5 v = lInlx + 1) 6. v = o
. ’ P4 e
Causstan model This is a loganthme model L
Logistics model
e . Matches graph (d).
Matches {a). atches graph (d) Matches (1),
7. Since A = 10,000¢57% the time o double is £. Since 4 = 2000e%5% the time w0 double i

given by

Aanount after 10 years:

given by

20,000 = 10,060,555 4000 = 20060 015
T e OO 3 = G005
I 2 = 0.035¢ in 2 o= 0015
. ¥ m_mz PV
RS T 8vears. g 5o1s 46.2 vears.

A = 100000050 ~ §14 190,68

Amount after 10 years:

A = 2000000509 = §2371 67
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g, Since A = 75007 and A = 15000 when t = 21,
we have the following.

L5 {00 = 750068

o gﬁif

pom e s QA% = 359

Amount after 1 vears:
A = TEO0LMOBUD e £ 437 76
i1 Since A = 50006 and 4 = 5665.74 when

ro= 160, we bave the [ollowing.

SE65 T4 = 500010

= RS T

566574 .
L{—S(}w ) AAAAA Hor

= 0125 = 1.25%
The time to double is given by

10,000 = 500000125

b SDGVZS

In 2 = 0.0125¢

inZ
;o — ,i == 555 vears.
001725 '

13, Since A = PV and 4 = OG0 when 1 = 16,
we have the following.

130,060
aae P = 6376081
&?"F' o

The time 1o double is given by
127.525.64 = 63,762 820045
3 = pU4%

b2 = G045

in2
P o = 154 vears,

16, Since 4 = 1000 and A = 2000 when 1 = 12, we
hve the following.

2008 = 1000e Y

p— é,iZJ’

in? == 1y
in 7 . s
poas e e (JOSE = 5 B%
Pl

Amount after 10 vears:

A = LOO0LUHON a $1TRA D4

1Z. Since A = e and A = 38521 when
£= 10, we have the following.

FES DL = WK
38521
i

385218
h’i(“ﬁg{f}é ) = 10

NEREWE. iy
"7 0™ 00

%

= gl

me JO25 = 2 A%
The time (o double s given by
EO0) = 3000
AR IT

2 = GH25s

o w177 years,
4. Since A = PPV and A = 2500 when £ = 14, we

have the following.

TEHT = PRt

T P e $2046.83

3

i
%

o

o
g
i
iy
St
-
)
it

oy
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6.

17.

16,

E.Tgrs‘.
r 2%

49

8%

1%

2 g
? 54.9%

L1 133

.99

4
ﬁ
s
8
LI
) ottt 9
G

CEOL
s

45

¥ B 112 V2

28.01

f5 85 FES3

o phplt b ord -

Contnuous compounding resuls i faster growth

A= 1+ 00750

and 4

AR -

o s
- 6.,!1 ats

g5

o 590

[in{ 1723/ 15591000

}
2

i .
W 0= eI

P st

_In{t/2)

1569

{ ‘é,;ia

S LA SOGTIRY

C{.64824)

e A el L

A= 1+ 006

[, 0uss }W

O —————

N § o .
Vrom the graph, 55% compounded datly

grows faster than 6% simple interest.

= et 17217573 571000
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22 ﬁ(f = CpHInTeg 23 ¥ = aeb 24, y = ag®*
1 = gel® —w 1 = 1
E e “ = “ == a0 g = !
5 e 10 = pbld) z 2
L Ini/2) 0 10 = 3b 5 = 2 eh®
24,100 10 -
0.4 = gl /21725,10611000 = b = b= 07675 10 = %
10 = 4
= C{0.97165) Thus, y = 27575 10 =4
in 10
C=04lg b= == = 05756

35, (0, 4) = g =4 26. v o= aebr
o Poofy T = aef® e [ =g
- o gabiE LR L
(5.1) = 1 = deb® = b= Ez}E4J
% - é,frﬂ}
= I lpd = 02773
o }\_‘
y = e G m(;d = 3b
in{1/4
WA Ly s b= 04621

X (ay Answmaliar (G, 192}, (160, 20.9)

g = 192 and 20.9 = 192500 = b == G.008484
y o 970008484
For 2036, ¥ = 24.8 million,

Canada: {0, 31.3), (10, 34.3)
a =313 and 343 = 31 370 o b = 0009153
Y= 31.3000905%
For 2050, v = 41 2 million.

Philippines: (0, 79.7}, {10,959}
e 797 and 95,8 == 79 72509 = b o= (0185
y o= 79_7(55}.(}135!
For 203G, y = 138.8 million.

Seuth Africar (0, 44.1), (10,433

= 441 and 43.3 = 44,1209 o p = — 000183
g = 4d T G00IE
For 2030, v =~ 41.7 milon.
e N T I ED
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27, (ay ——CONTINUED i) The constant b gives the growth rates,
Tuckey: (0, 65.7), {10, 74.3 {c} The constant & is negative for South Africa
a w657 and 133 = 6579 == b = (L.01095
y == 6%_’?&}(')1{}‘:}5:

For 2034, y = 91.2 million.

W, o= VTP G DO0SE 28, (a) 1RO = 134 et
180

(a3 Decreasing because the exponent is negative, )
£34.6

0k = in-
(by For 1990, r = G and P = 372,550 people.

come {3 YT
For 2000, 1 = 10 and P = 335349 penple. ko 00295

U {by For 2000, ¢ = 20 and
For 2004, 1 = 14 and P = 321,530 peopte. o Fr .= A

. o - P oo 1340600095000 = 241 774 peonle
(c) 300 = 37255 001050 oy 1 = 06 or 2010 134.0e 341,734 people.

3G P o= 158 Oe¥ 31 y o (Pl
{5} 478 = 258410 b

ko= 00617
{by For 2016, 1 = 20 and ko e —

P o= 25R000ITE o geg s people. . .
- Whes £ = 100, we have

Y = Cellvti /511159 o 9SRE, o 95 8%

A%, y o= gk The ancient charcoal has only 15% as much
¥ radicactive carbon.
(T TSR - T Tited 1 S AR 8
25. Ce OGS = (/58

inl1/2)

£ 18w 0 oniee f

‘‘‘‘ 7 [EERLT N e o

b= 5715k 5715

If1 /2 £ 15,047 years

35 (ay Vo= i bV = 30,TRE == b = 30788 (o) wmuwe —

VIZY = 24006 == 400K = T + 30,788 \\
e
o =~ 3394 N
& W-'"-'-:::—l::nmj

Viry = —33%4r + 30,788

) Vo= ge% VI = 30,788 == b = 30,788 idy The exponential model depreciates fasier in the

. ‘ o first vear
VID) = 4000 = 24000 = 30,7882 e

L/ 24000
- oo e bbbl G
R L ErErry

(e} Answers will vary

Vo= 3 TRGe 11345
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34, Lety = 0 correspond o 2003,
(ay V= mi+ b, VI3 = 1150 => b = 1150

V(2) = 550 = 550 = 1150e%
= ko= bialf) = —0.3688
ng‘} = ] 15003688

. S = OO0 — M)

(s 15 = LOO(T - &5
-85 = - 100¢k

o
i

ko= 1n (85
ko (11625
Sty = 10001 — gm0
(b)

(e} S(5) = 100(1 — ¢ %125
== 55,625 = 55,625 units

¥, v = 0026607 F WA 70 < ¢ £ 113

@ oo

(b Maximum point is x = 106, the average
1) seore.

{C} 1260

o
I~

4]

{dy The exponential model depreciates faster in the

first vear.

{e} Answers will vary.

36, S = 101 ~ &)

x = 5 (in hondreds)

& = 2.5 {in thousands)
fay 2.5 = 10(1 — &9
0,25 = | — &%

e = 075
Sk o= In075
ko= ~{(30575
S = 101 — £~0057%)

(by When x = 7,8 = 106{1 — ¢ 097370 =~ 3314
which corresponds to 3314 andts,

3B, y = 07979 (5~ S4/0S5

fa)

(by About 5.4 hours

© Houghton Miffiin Cormpany. Al rights resgrvad.
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Secrion 3.5

Exporeniial and Logarithmic Models

47

. . OG0
3. plt) = o TR
) 1006 .
(ay pi5) = — = Y3 animals {ch

9, 4, mqf 57

{
500 HK }G

i
H

1+ 0,065 o 7

{__}g--é‘.ié)ﬁ!s; o |
o GBES o I_
& G
Lo oiedie)
01656
663 o
46 y = '_‘”'”':”“776:_0_31;; <r< 18
{my e
J//"FM_FW
7
I A P
I
41. R = } = bog it Py | o=
{ay J = 1087 = 258935
(hy F= HPS = 30 810,717
oy §= HPY = | 000000.000
43, Bl =
{1 i.fi"a
Y e 18% o e |
(a) PO = 10 o MEH(}{} ,)5

7 = /

4. B = 1010, ;) 10 logof 7= o
e g

(z) B0 = 0log., {m p.}

= 896G decibels

3 = 10 decibels

(b BIO3
(e {:?{},{}'

g o

= 10k

bt tecacropens ook dpeseshasirs eilreced

i

1HG

po= U }é?i}. E”%‘;a. g,mmz tation mﬁ cig}g},maa,h TG00
a5 thne inereases.

13 months

by Forpom 19,y = 662
Fowp o= 30, v = 663,

Bl

%w
(c} At 300,y = —~i——

{d) Answers will vary,

=7

L fog, 1/ Fg, where [y = 10712 watt per square meter,

= 1 i{‘}gt(\i %{}1 w

663, Timiting value.

- f \'&
}f{ 42, B o= }Ggi(}{uk} = ]
Wy
(a) R =

(c} B = Iﬁgmé?_fﬁé

20 decibels

LG og,, 107 = 70 decibels
10 log,, 100 = 120 decibels
2g, L 10F) = BO decibels

Sl

{7

fog,(39,811,000) =~ 7.6

28R A= 54
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45 = 1{}1%0(})
N

ypano = L

f(}

1= 1810

[10%% — 11072
1,108%

i

% decrease ¥ 104G

= 97.5%

47. pH = —log JH* ] = ~log,{2.3 x 1075 ~ 464

49.  pH = —log JH*]

=315
—pH = log,JH" ]
(P e H 7

Hydrogen ion concentration of grape
Hydrogen ion concentration of milk of magnesia

R

1o 198 1w

8%, (ay Proee 1200000, r = 0075, M = 83906

W= M- (M - gi"’}gl} . ;?)w

= 83906 ~ (83906 — TS50 + 0006251
v o= (RR906 — 750U D025

B

0.075 |
2. w o= 120,000 Ef , e 1
L1+ 0.075/12 f 1

{d} 120,000

e

o

46,

48,

Ly
=

(b

i)

i

B = 0t (‘F
‘‘‘‘ Ol 7
¢ fﬁ,)

oano = L

i
I = [ 1080
0P — 11080
11093

% decrease = x 100 = 959

58 = —logJH"]
1758 == [H]

[H*] = 1.58 « 107 moles per liter

pH ~ 1= —log,[H"]
—(pH — 1) = log g H"]
HI D S|
TR -
1078 10 = (']
The hydrogen ton concentration 15 increased by a

factor of 1

In the early years, the majority of the monthly
paymeni goes toward interest. The interest and
principle are egual when 1 == 20.729 = 71 vears.

120,000, r = 0075, M = 966.71
= 06671 — (966,71 — TSOK 1.00K25)1
(966,71 — TS0 100625

o
1 [
HH f{

e
it

g = v when £ = 1073 vears.

(b} From the graph, when g = 120,000, 1 =~ 21.0 vears.
Yes, a morigage of approximately 37.6 yvears will
result in about $240,000 of interest.

& Hougion Miflin Company. All rights reservad.
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S (T—40y
J i ———— 1 (7 = i 11 am)

53, ¢ = —100nl -
3.1 H”{%ﬁ ----- 7

A1 900 A we have
1= - 10 ({857 — 701/(98.6 — 704} == 6 hours.

Thus, we can conclude that the person died 6 hours 7 [T 40N
wefore O an, or 300 A 505 UTTan ;3

I Al e AT O e 35 998 = B0 < 37

Hence, the steaks do not thaw out in tme,

e
[#3)

. False. The domain could be ol real nombers. 56, False. See Exasmple 5. page 380,

L33
~uf

. Trae. For the Gavssian model, y » U 8. True. See page 379,

B8, 4y — 3y~ 9 =0 = y= %Mx - G 6 Line with intercepts {3, 8) and (3, 2},
Slope: % Matches (b,
Matches (a),
tntercepts: (0, —3), (£, 0}

1. v o= 25 - 225k &2 Line with intercepts (2, 0} and (0. 41,
Stoper —2.25 Matches (¢},
Maiches (d).

Tntercepts: (0, 25}, (28 o)

63 flar =20 — 3 +x — 1 64. flx) = —dx* -~ x* + 5§

The graph falls i the eft and rises (o the right. Faliz 1o the left and {alls to nght
&8, glal = — 1605 +dy? - 2 66, ploy = Wb+ 05 - 30x% 4 7250
The graph rises to the left and falls w0 the right Rises to left and rises o right

7. 41 2 -8 3 - @ 8. —5 1

69, Answers will vary.
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Section 3.6

MNonlinear Models

{a} Quadratic models
{by Expounential models
(e} Power models

{dy Logarithmic models

{e} Logistic models

B vou should be able 1o use a scauer plot 1o determnine which mode] is best.

¥ You should be able to use 2 graphing uiility to find nonlinear models, inclading:

B You should be able 1o determine the sum of squared differences for 2 model.

Vocabulary Check

i

yo=qgx kb

4. sum, squared differences

2. quadratic

3oy = gxt

12

. bLogarihmic model

Fyponential model

Exponenital model

¥ = 4.752(1.2607)°

Coefficien of determination:
(3.96773

2. Linear model

6. Logistic model

10,

13,

16.

¥4

s

=)
=3

i

Linear model

i

{inear model

v = 3.964{1.4084)7

Coefficient of determination:

(.99495

140

3. Quadratic model

1. Quadratic model

il

i4.

17

4. Exponential model

#%. Linear model

5

wa¥

o

Exponential model

=2

[

Logarithmic model

y = 84630.7775)

Coefficient of determination:
(1 B6639

@ Houghton Mifflin Company. 8 rights raserved.
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18,

21.

Coefficient of determination:

{85030

125

3

T

=,

K,

}\M\

v o= 9826 — 4097 Inx

Coefficient of determunation:

(93704

Ly = 339701650

Coefficient of determination:

3.99788

60

2.

cy = 2083 + 1257 lnx

Coefficient of determination:
.986772

yo= 20078 — 5027 Inx

Coefficient of determination:
3.99977

S

%M

)= 16,103,737

Coefficient of determination
O.88161

@

(a}y Quadratic model B = 003187 4 1137+ 97.1
Erponential model: B = 94.435(1.0174F

Power model: B = 7783741918

203

{cy The exponential mode! fits best, Answers will vary.
(by For 2008, ¢ = 38 and B = 1819 mullion.
For 2012, 1 = 42 and E = 1949 million.

Angwers will vary.

2.0y = 9027 + 53T nx

Ceefficient of determination:
3.96884

23 v o= [LORELNTE

Coefficient of determination;
0.90686

o4

e

OLm

G

26. y = 5254285022

Coefficient of determination:
(3.99349

Nonlinear Models 251
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Chapter 3

Exponential and Logarithmic Functions

28 (2) Quadratic model: & = — 001367 4+ 03967 + 101

(b}

e
{d)

ot

2%, {a}

b}

Coeflicient of determination: 0.97730
Exponential model: B = 2.296{1.0425Y

Coetficient of determination: 590736

Power model: B =

Coefficient of determination: 0.96052

}'486’{@3795

&5 &5 A5
. e P
4l ki 4 IR B s} 45
The guadratic model fits hest,
Using the guadratic model
Year 2005 2006 26007 26008 2005 2010
Price | 3.89 386 3.81 373 ER) 349
Answers will vary.
Linear model: P = 3.11r + 2509 (¢} Bxponental model: P = 251.57(1.0014)

Coefficient of determumnation: ,99942

356

o S

I

Power model P

et st st ccriecimtrt |30

Zié.ﬁngﬁ'g%?

Costhicient of determination: §.9045%

G

o www&w-w

IS SeRpC———

£

e OO TENUE D

&

Coetficient of determination: 099811

350

it e

sty 68

k2
>

&

() Cuadratic madel F = —00200% + 341 + J5001

{e]

Coefficient of determination: $5.99994

iy

i}

e

The quadratic model 15 best because ifs
coefficient of determination is closest (o 1

€ Houghton Mifin Corpany. All rights reservad.
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Section 3.6 Nonlinear Models 283

28, —CONTINUED—

(£y Linear model:
Year 2008 1 2006 1 2007 1 2008 2009 1 2010

Population

CECLL 2970 | 30007 | 3038 | 3069 | 3100 | 3131
{in millions)

Power model:

Year L2005 | 2006 | 2007 12008 4 2005 | 2010

Population

CETEUTT D290 D 2900 | 2911 ) 392 [ 2900 | 2939
{in mittions)

Exponential model:

- Year 2005 | 2006 | 2007 | 2008 | 2008 | 2010

Population

N e L2982 13016 | 350 3085 ¢ 3120 5 3156
- Gnomallions) |

Quadratic model:

Year 005 | 2006 | 2007 [ 2008 | 2009 | 2010

Population

L 2968 | 2995 | 3023 13050 1 3077 | 3103
{in millions}

{g) and (k) Answers will vary.

23 (a) b= 0ot in the domain of the logarthimic function.

fhy A= 0863 ~ 6447 Inp ey = —
(dy Farp = 375, b = 271 km. E%
fey For b = 13, p =~ 0,15 atmospheres. R R o
3, (ay T 1230 + 7302 (hy T = 003477 — 2261 + 773
No, the data does not appear linear. Yes, the data appears guadratic. Bue, for ¢ = 60, the
" graph is increasing, which 18 1mCorrect.
- Juds)
\“\hw N
T L Mo
o e bamsmansimessmsss \ 0 M“M%
30 ™
u Fan
30

{¢y Subtracting 21 from the T-valugs, the
exponential model is v = 54.438(0.9635) {d) Answers will vary,
Adding back 21, T = 54.438(0.9635) + 21,

B
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N o 162.4
32 fa) 2% 33, (Eij Fo= ““”“mb"fé%{;gi;}é(;;

. I

= By 1w

«” Y
"y 15 M
it .
k‘?
W,
fi',j BOGG "’\R_B_M
) o i
e
3 v . .
e The model is a good fin
i
FHGG

NIy

laing & graphing wihity, 1 o= 157 or 20605,
i fu ¥ & uf

34, (ay = (b Limear model: v = 18.5x + 1363

vemrer TR Curadratic model: — 2 W? + 54.2x + 1230

Cubie model y = ~ 067005 — 0307 + 386 + 1265

bt bt § %

Power model v = 2367 - (0098

Exponential model y = 13704010121

e Year 04| 1095 ¢ 1996 19T 1998 1999 2006 2001 2000 | 2003

Linear PATG 1 B4SE | 1476 1495 1513 | 1532 0 1530 156% LISET | lenn
1578 158G

ot

Quadratic 1413 0 B44Y | 3430 L1507 | 1520 1 1548 | 1562 | 1573
Cubic 1415 1448 | 1478 | 1505 | 1529 | 1548 | 1563 1573 [157% 1577

Power PAZE 1453 L R4T9 L1502 5 1322 0 1539 L3535 15370 1584|1596 |

Exponcntigh | 1437 | 1455 § 1472 | 1490 | 1808 | 1526 | 1344 | 1563 | 1581 [ 1600

Answers witl vary,

{¢y For 2015, x = 25 and v = 1273 milbon metric tons.

3, (zy Lowear model vy = 15710+ 510

Logarithmie model v = 13467 Int —~ 97.5
Cuadratic maodel: y == — 12927 + 3896 — 450

e O TEN U E

© Houghton Mifflin Company. All rights reserved.
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Section 3.6

Nonlinear Models

A

35, —CONTINUED—

(b}

{cy

G

O FT T T T

I3

Linear: 803.9
Logarithmic: 4117

Cluadratic: 2898 (Best)
Exponential: 1611.4

Power: 667.1

36, Answers will vary,

39, Zx 4 Sy =10

Sy = ~%x + 10

yo= —cx + 2

v-intercept: {0, 2}

Logarithmic model:

i)

Pt

[+

Power models

3

o

e

(dy Linear: 0.9485

Logarithmic: (0.9736
Quadratic: 0.9814 (Best)
Exponential: 0.9274

Power: 09720

., True

46, 3y — 2y =98

pabm

Slope:

Chradratic model:

0

o

{ey Quadratic model is best

3%, False Write b as b = gl ¥

Then,

y o ab® m gein B¥ o aet
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41,

VR U 2]
¥OTOTRRE T Y
i2 .
= —Ey + 3

1)
Stope: 3
y-intercept: (0, 3)

42, 04x — 25y = 12.0

Slope: f{ RIS

y-intercept: (6, — zf"} = (), — 4.8}
'f;,:w I
M

..[3.

Review Exercises for Chapter 3

3 7T g 3. GOP LY w g
= (LKKI225 = 00

k(14317 = 13,3254

4, 757D = 512w 17T = 0 5, &8 = 29%0.958 6. 5% = 467823

7. e = g = g 1667 & —4el3% e 7 1957

o

Intercepr (0, 1)
Horizontal asympiote: x-axis
Increasing on: {— oo, oo}

tatches graph (o).

flay = — 47

Intercept: (0, ~ 1}
Horizontal asympiote: r-anis
Decreasing one {— oo, ool

Matches graph (bl

ntercept: (6.1)
Horizonial asympiote: x-axis
Decreaging on: (o0, oo}

Maetches graph (d).

L fly =4

Tntercept: (0, 2}
Horizontal asymptote v = 1
Increasing on: {— o0, oo}

Matches graph {a).

@ Houghton Mifflin Company. All rights reserved.
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Review Exercises for Chapter 3 157

3

13, flx) = 6 14, flo) = 03 = (S 15, gl = 1 + 677

Intercept: (0, 1) Horizontal asympiote: v = 0 fntercept: {6, 2)
Horizontal asyimptote: £-axis Intercept: {0, 0.3} Horizontal asymptote: y = |
Increasing on: {— o0, oo} Decreasing on {— oo, oo} Decreasing on: {— o, o0}

16, glx) = 0377 .
f
xl=2 | ~1l0}1 12
v 009033l .
w—‘/
R B

[ » s, » i%.

e 4
3%

hlx) = ex™ fla) = exe hix) = - e

Horizomal asymptote: y = 0 Hortzontal asymptote: v = 0 Horizontal asympiote: v = 0

2@: ¥ Eib ¥ 22.

5 o
& -5

flad =3 e Fla) = demon fa) =2+ e

Horizontal asyvimptote: y = - Horizontal asymptote: v = 0 Horizontal asymptote: vy = 2
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faponenital and Logarithmic Funciions

far]
L#y
¥

P

7.

5,

3301

3.

41.

A = Pert =

E
H
;
Ev--e
5
E

i

i

20

30

40

54

A

HLB32.HT

49,533,372

110,231.76

24532538

54598150

roe 3% = 0.03, A = 10,0006

i 1

P30

44

Hi305

13,499

214,596

33201

Visy = 26,0003}

fa}

G ‘OC‘?‘ e
3
R
\\‘-‘h

{cy The car depreciaies most rapidly al the

fog.

in 1096 6331,

[25 = 3

i

i

= 7

HI96.6351. .

beginaing, which is realistic,

3 log, 36 =

3

0 = 1

S k!
3, et =3
g0 m _w:"g;-i-

38,

= a1
gi?éf”éf“lf; -

1271 =

42.

In 00497, ..

(hy Whent = 10,0 = 100{1]

31

Q =

ESTIaT

162

2

VIR 14

R
o Frmm—" 0
[
{ )
3 32
& e ¥
=2

44,

3. logglle =

= 6195 grams.

Houghiton Miftlin Company. All rights reserved.
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) Inx
&7, gl = —~log. x + 5 =5 — izj‘:

Domain: x » &
Vertical asymiptote: x = {

r-intercept: (32, )

Infx ~ 1}

in 62}

8, fx)=logdr - 1 6=64

Domain: x > 1
Wertical asvimptote: o = |
r-intercept {1,018, )

1, In{21.5) == 3068

58, log: 3 = log. 56 log. 8 = x

1=y =8

x =3

45, log 4€

o |

52, In{0L98) =~ —- 0020

R

= log, (477}

= oy, 4 R

Domain {0, oo} //
Vertical asymptote: 1 = {

r-intercept: (0,08, 0 m;mwvw—"w@

48, glx} = log.lx — 3)

Wertical asympiote: x = 3

tntercept: {4, 0

Domain: x = 3 I
13214 838 ;

-b 8 i 2

e

50, flx) = logsle + 2) — 3

Vertical asvmptoter x = — 2
Intercent: (123, 0]

Domain: ¥ > 2

[
L

BN S W20 B B

=4 | =32l

53 06 = 0506 84, taf3} ~ 091

E7. log, x = log, 377 BB log, 4% = x

Intercept: (4,

46, Tog,, 0001 = log,, 1077




66 Chaprer 3 Exponential and Logarithmic Functions

61. hix} = Slnx 3 62, flx} = tinx 5
Diomain: x© > O i Domain: {, oo}
Vertical asympiote: x = O Vertical asymptole: x = 8
s-intercepn: (1,0 - Intercept: (1, O :

64,

L ro= S kog,

_ 800
18,000 — k

{ay < 7 < 18,006 by

. _ : , /
(¢} The plane climbs at a faster rate as 1t approaches

i1g absolute ceiling.
PR.040 O e | 200,006

{efy A = 4000, 1= S0iog,, 1R.000 — 4000 = 544 minutes. °

Vertical asymptote: = 15,000

{a) For x = 123468, 1 = 20 years.
(b For x = 125468, 1 = 20, the total amount paid is {1254.68}20012) = $301,123.20.
The interest is 301,123.20 — 150,000.00 = $151,123.20.

l0g,, 9 1og,, 5
65, log, 9 = —FIOZ o { 585 66. Tog, , 5 = BT o 5399
log,, 4 " loge(1/2)
In@ Ins
fog, § = - = | 585 (08, 1y 5 = e 2= = 1,302
BT T e a YR T T
fog,, 200 log,,, 0.28
67. log,, 200 = LI g 4an 68, Tog, 028 = S8 o 159
) log,, 12 ’ fogis 3
in 200 in .28
Fever L ) = — = 3 SR LI G T
log,, 200 12 21132 log, (.28 w3 1159
. infx — In
69, Flx) = logle — 1} = -—“@%—;‘i—_—i 70, flx) = 2~ log,x = 2 — ;:hi
e
/'Jrﬂl
P
i .
y . "

@ Houghtorn Mifflin Company. All rights reserved.
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Review Exercises for Chapter 3 261

{x + tnlx + 23
T fl) = ~log e + 2) = et 2l 2

.. Wi < wE T2 S lenle

nbx —~ 1) bl - 1)
: ‘ n(1/3) In 3 f
e o =

T o
73, log, § = log, ¥ 74, logds) = log, 27 — log, 37 75, Jog, 5 = log, 517

= 7 log, 3 = Zlog, ¢ — Tlog, 3 =

20.3567) — 20.5646) _

.
i,
P
o
LAy
2
[y
i
ii

A6Y = (AT3585

i
N
4

I

76, log, SO = log il - 57 77. n(5e N =5+ Ine? 78, I et = In g2
= log, 2 + 2log, 5 =In5 - 2Zlne =3lne=1
= (33562 + MO8V = n 8 -7
= L0104
79. 10g 200 = logy,(2 - 100) $8. log,, 0.002 = Jog, (2 - 1073
= j0g, 2 log, 1P = g 2+ log, 1077
= ;Qgﬂ) 2 + Z = E{‘}gg{} D "%
BI. logs 5x% = log. 5 +loggxr® = | + Zlogyx 82, log(3o® = log, 3 4 log, x + 2log,y
” 5 \f/; PR 2 -/ F’C — 17 - 1‘ 3
83, logy N = logy 5y — logpx” 84 In T Ing/s — Ing = Zin z—lInd

= logyy 5 + logy/y - log @ =

. |
= logy 5+ slogey — 2loggx

{x -+ 2

BE. Ing ) = oy + 3} - Inlay)

=lnix + 3~ lax ~Iny = .
’ =Inpy+ Sny ~ ~inz
. P
87. log, § + log, ¥ = log, 5x 88, log, vy — Zlog,z = log, v — log, 2°
¥
= log, o

89, —In{2x ~ 1) — 2Indx + 1} = In/Zx — 1 ~ Infx + 17?




262 Chapter 3 Exponential and Loparithmic Functions
0. Sialx — 2} ~ Inlx + 2} ~ 3nle) = inly — 2 — Inlx + 2) ~ Infed®
22
= in —————
Wx + 23t
i ‘ TP RN YK Sy ala 2
91 In3 + zInfd — x% = lnx = m{ St o] Vi |
3 ' X i X i
52 3inx ~ 2l + D+ 25 = na® - Ind? + 16 + In 52
g2
IR
Tk ‘
In 3
@ ®itptale 138 T 1214
| s 138|332 298 | 272 | 25 | 232
: i
P 18 {c} As the depth increases, the number of miles of roads
cleared decreases.
94, FU =85 — 14 log,g{t + 1) 95, 8% = 517 = 8% = x =
71 =85 — Idlog,lr + 1)
foggfr + 1) = 1
r= 9 months
96, 3 = 720 = 35 = 4 97 6“::*34“:} = (7 ey = =
6. F =1l =F = x=6 TV T T e Y T
98. 677 = [206 = 6% = yx 1 =4 mn xow
9o, 2= L 100, 457 = 64
’ 16 "’
FEA L e 47 4
x
- oo g
¥ T 5
= —5
* i =6
191 log; x = 4 = x = 7% = 2401 162, log, 243 =5 == S =243 =3 = 1= 3
163. log,ix — 1} = 3 164, log 2z + 1) = 165 Inx = 4
=y — ] 5% = 2x 4+ 1 x = gt = 54 598
=9 2x = 24

x o= 12

© Houghton Miffiin Company. All rights reserved.
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46, nx= -3

-
I
™

g = 4
= ind
x == 386

2. Inx —In 3

X
383 =

BT, Inly — 1o

L |

e e 1213650

it

[“)E”"“

b | e

N

g7t e

¥ e——
2

14, 20124 = 160G

117, &% = Jer 4 10 = 0

126, W Sx = 7.2

=
+
=
|

b

T {)"i
gy == ot E
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124, Injx < % = 0 128, fog e — 1) = logyly — 2} — log,(x + 2)

/;c A

_—;Er&{x 4Ey = 3 log,lv ~ 1} = iﬁé’ii}fh)

In{x + &) = 6 o2
¥ Bt

i o= e() ..... & omm AG8 AT

x o= {extransous)

Mo solution

1

oo

6. fog e + 2} =~ log.lx) = logdx + 5} 127, log, (1 ~ x} = — ]

Lo b P = ?.Og:(.-‘{ + 5}
x o

x -+ 2
e w4
X

by — 2= 0

o= =2 A J6 = 0,440

{Other zero is extraneous. )

128 Jogfi—r 4= 2 B39, xet v " =0

—x = 4= 100 = 10 {x + lje* = 0

—x = 1 ¥+ b =0 lsince ¢ # O

13, Zxe™ b g7 wm 13, xlnx+x=0

(20 + 1jet = () lnx + 1) =0
I+ 1= 0 {since o #F ) nxy+ 1 =0 {sincex = )
! Inx= —1
x = -
2 i
o g"'} 2o m E}féég
24

P —Inx

— @ ) 133, 3{7350) = 755080725

7 e‘('f‘{}‘.?’.‘.’.ir

P lnxs § {since x > £}
In 3 = 00725

n 3
oo e F - T e 52 ST%
o= g FTER ¢ G o9A 15,2 vears

fex = 1
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134,

bk
ta
je

138, y -

143,

142,

p = SO0 - 0560004
() p =450
450 = 500 - 0.5e00

(.5e090% = 50

1l

P04 = 150
G004 = In 100

xo= PEST units

Decreasing exponential

Marehes grash (e},

Vertical asymptote: ¥ = —3
Decreasing

Maiches (d}.

1.5 = db == b= 01014

Thus, v = Zeﬂ,é(}'(d%'r..,

y = {gﬁ:‘h‘}

= ﬁ_éb{i}} oy oz= Y

[ i z - -
Po= De8) oo 5 = e s Sh o=
N RL

t 1
P a{fbi{j" i Sy S
2 2

By = g0
W= 5 = b= 04605

i i
Thus, v == gl

(b3 po= 400
400 = SO0 — 6560004
(150000 = 156
L0000 e 300
G004 = In 200

x == 1373 uwits

136. y = 4e7/? I3, v = Infx + 3

Intercept: (0, 4} Logarithmic funciion shifted

o o left
Increasing

Matches (4. Mateches graph (1},

139, y = 2o v 140, y = ———mem
Craussian model e .
Logistic model

Maiches graph (2). Matches (o}

Ind = b=tlhj=-thl~=—-01386

$4d. v = g™
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148, P = 36)e¥
= {} corresponds to 2000,
(24, 215)%

TIR = 341pH 10

%E} e
361 °
215%
_"__2 R } e
7y ﬁ\%ﬁ)
1o (215% 1 (361%
k= m»{w} T §“(-\m/ oz

P = 3{“5&5}’25953-
For 2020, PU20) = 36150291080 « 8061 or
646,100 population i 20724,

147, (a) 20000 = 19000209
T o pldr

e 2 = 12r

po= %%3% == (30578 or 3.78%

(b 100000957805 = §10,565.03%

149, (a) 50 = '""““”_"””":"‘I__T\‘j“f,—:

148 gemait o T

5‘46--4(‘1‘}& T e
RS 2 g 108
50{5.4)

. 108
~0.12¢ = In 0

_ mn{1o8/270}
§ o= o = T 6 weeks

£ .
150. R = i{}gm(?} = log (I} == [ = 107

Eey
() = 1089 = 251 188.643
(b} 1= 10585 = 779,458
ey [= 109! = 1258925412

145, ip = P30
2

En( é) = 245,500k => k = 5;%55

~ ~2.8234 x 105
After 5000 years,
A = gh5000) s (3 GASOE or 9 B9 remaing.

148, (2} o

N

y = 0.0499e 0T/ 128

5

o 15

[+

{b} The average score corresponds to the
maximum, 74,

{hy Similarky:

e~ 01 = (.20494
““““ 0.12¢ = 1n{0.20494)

t == 132 weeks
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151, Logistic model

152, Lipear model

155, (a) Linear model: y = 2978 + 739 6.97653

Cruadratic model y = 1E7%7 + 385 + 2118; 098112

Exponential model: v = 1751.5{1.077), 0.98225
Logarithmic modeb v = 31698 In ¢ — 3532; 095779
Power model: v = 588,197, 097118

(b} e

Linear model:

]

Logarithmic model:

S000

;"
FOOG

Cradratic model:

000

7 5

3004

Power model:

BO0H

’ 3

305G

183, Logarithmic model

i

Exponential model:

060

(c} The exponential model is best because is coefficient of determination is closest to 1.

Answers will vary.
d
fey y = 3250 when 1 = 14.8, or 2004,

]

For 2010, 1 = 20 and v = $7722 million,

156, (a) Linear model vy = 82.9r 4+ 1825, 0.06952
Cuadratic model: v = — 33507 + 133.2¢ + 1691, 0.98982
Exponential model: v = 1865(1.03547: (.95481
Logarithiic model: v = 1663 + 4355 In1; 0.91664
Power model: y = 173301862, (4 973412

el CONTENUE D

154, Quadratic model
{or exponential)
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156, ——CONTINUED—

{5y Linear model;

Cruadratic model:

Cxponential model

ool 3000
e g
™ cﬁrﬁw
Jar"w it
e * m_‘{w’ﬁ
——————————————— % i

(edy For 2010, r = 20 and v = 3015 thousand.

{oy v o= 3000 when ¢ == 178, or 2007,

G990 887

4 100 5.2

157, (ay F =

(e} The model s 2 good fit

GG BRT

{d}y The hmiting size is ———— =

P+ 0

G g s 00160
. F S6.8e

1L 00KF fish,

{a)
Year | T99 1 1991 | 1997 1 1993 1 12894 | 1995
I BB | 509 187 301 0872 | 873

006 | 1997

1

2000

F 573% 1574 1875

576

517

L2007 | 2003

25

F 579 | 380

{¢}y The quadrauc medel 15 best because s coefficient of determination is closesito 1.

{ ?}) %% O =

v 568 = 0097 -~ )
y = .09 + 568, Linear model

{cy Slope s 009 The population increases by 90000
peopie each vear,

fdy ses

T

e

e

Angwers will vary.
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161

163,

165,

166.

. True; by the Inverse Properties, log, b% = Iy,

False: Inx + loy = Inlay) # Infle + v}

False. The domain of Fix} = Inlxlis x > G

Since 1 < 2 < 2,20 « 2¥7 2 7 o 3« 9V o 4

e} 3

}/ ¥

i i
(b) Patern S ff;
f=1{ "

Y
Ji&/yz Vo= boF

gé@n il = et g b

True {by Propertics of exponents),

Gz, Iﬂ{i}{ + ‘V} = 3}3(1 . X,}
Faise

Inlx v =Iny +lny & Inlx + ¥

‘ [x
164, True. En{ }j = ny - lny

N
4+ T
2003 4

The graph of v, closely approximates v = ¢ near (G, 1}



e Chaprer 3 Exponential and Logarithmic Funciions
Chapter 3 Practice Test
1. Qedve for o 25 = 8 o Sobve for o 300 o= ag
A Graph fix) = 27% by handd. &, Graph glo) = * -+ 1 by hand.
3. T 85000 is invested at 9% interest, find the amount afier three years if the interest is compounded
{2} monthly. (b} guarteriy. (¢} continuously,
. Write the equation in fogarithmic form: 777 = T{;.

il

12,

[N

16

L

18

1%

Tad
&

. Ulse

, - - i
Solvefor vt x — 4 = logy 53

Given log, 2~ 03562 and tog, 5 = G871, evaluste log, 8/15
Write 5o x -~ % fny + 6inz as a single jogarithm,

Using your calculator and the change of base formala, evaluae log, 28,
Use vour calenlator o solve for N0 log o & = 06646

Graph v = log, x by hand.

Determine the domain of f(x] = log (s — 9.

Graph v = Infx — 2} by hand.

- . brs x ) )
True or falger —— = In{y — v}
ey

Sotve for x5 = 4}

Sodvefor s x — xr =

Solve for 2 1og, x + log,(x — 3} = 2

&

FE
e I ;{,

Solbve for v

3,
¥

Six thousand dollars is deposited into a fund at an annual percentage rate of [39%.
Find the time recuired for the investment 1o double if the interest s compounded continuousiy.

X A

Use a graphing utility to find the points of intersection of the graphs of y = In{3x) and y = ¢~ 4,

graphing utility to find the power model v = ax® for the data {1, 1}, (2, 5), {3, 8l and {4, 17}
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